Reactions of strained ring systems are becoming increasingly prominent for the creation of complex molecules.
1 Donor-acceptor (DA) cyclopropanes have been shown to be suitable building blocks for rapidly increasingly molecular complexity through rearrangement and cycloaddition reactions, 1 and they have been deployed in the total synthesis of natural products.
2 DA cyclobutanes have recently garnered a great deal of attention, as cycloadditions with these species can provide access to larger ring systems than those derived from their smaller cyclopropane counterparts. Although DA cyclobutanes have been shown to provide facile access to highly substituted heterocycles, their chemistry has been comparatively less thoroughly explored. 3 We have recently reported the Lewis acid-catalyzed formal [4+2] cycloadditions of alkoxy substituted DAcyclobutanes with several heteroatom-containing dipolarophiles, including imines, 4a aldehydes, 4b and nitrones (Scheme 1A). 4c While there has been much success in forming heterocyclic compounds through formal dipolar cycloadditions with cyclobutanes, 5 there has been few studies detailing their reactivity with all-carbon dipolarophiles. Further studies to optimize the formation of the dihydrooxepine (4a) using BF 3 ·OEt 2 as the Lewis acid were undertaken, and the results are summarized in Table 1 . Cyclobutane 1 and phenylacetylene were chosen for optimization due to their high stability and ease of access. Though a variety of solvents allowed for the formation of the desired product, 1,2-dichloroethane (DCE) gave the highest yields. At ambient temperatures the reaction was very slow, requiring 18 hours for consumption of the cyclobutane starting material. Treating the cyclobutane in the absence of alkyne confirmed slow decomposition was occurring, and it was found that better yields were obtained at 84 °C (compare entries 1,2 and 7 with 3,4, and 6). Although, the reaction proceeded to completion with catalytic BF 3 ·OEt 2 , a stoichiometric amount of the reagent was used as the resulting reaction mixtures were cleaner by 1 H NMR analysis ( Table 1 , entries 4 and 6). The fully optimized conditions involved the use of 1 equivalent of BF 3 ·OEt 2 in refluxing DCE (Table 1 , entry 6). Reaction concentration also significantly affected the reaction, and the optimal concentration was found to be 0.06 M of cyclobutane 1 ( Table 2) . With adequate reaction conditions having been identified, the scope of the reaction was investigated with various terminal alkynes (Table 3 ). In general, electronically neutral aryl acetylenes were the most compatible substrates (Table 3 , entries 1-6). These include aliphatic substitution (entry 2), as well as bromo-and iodo-containing substrates (entries 3 and 4). Moderately electron rich aryl groups were compatible (entry 6), but more electron rich alkynes rapidly polymerized upon exposure to BF 3 ·OEt 2 (entry 7). Electron poor alkynes failed to react with the cyclobutane which slowly decomposed, whereas the alkyne could be quantitative recovered (Table 3 , entry 8), Sterically bulky alkynes such as 9-ethylanthracene led to decomposition of cyclobutane 1 and recovery of the alkyne (Table 3 , entry 9). Additionally, heteroatom substituted alkynes and aliphatic alkynes resulted in decomposition of the both the cyclobutane and alkyne (entries 10 -12). 4-OMe-C6H4 -0 While moderate results were obtained with paraacetoxy phenylacetylene (vide supra), we were surprised to discover that when a silyl ether was employed, the product obtained was cyclohexene 5, the result of a formal cycloaddition rather than the addition-rearrangement product observed thus far (Scheme 2). This example was the first and only instance where the bicyclic cycloadduct 5 was observed and not the oxepine product 4.
Template for The reactivity of additional cyclobutanes such as the pyran-substituted cyclobutane 6 was examined with phenyl acetylene under the standard reaction conditions, but only decomposition occurred and neither the rearrangement product nor the cycloadduct were observed (Scheme 3).
Scheme 3 Reaction of a pyran-substituted cyclobutane with phenylacetylene
A proposed mechanism is presented in Scheme 4. The Lewis acid activation of diester 1 likely results in cleavage of the strained carbon-carbon bond between donor and acceptor moieties to generate a zwitterionic intermediate 7.
The terminal alkyne can then attack at the carbon atom of the oxocarbenium to provide transient carbocation 8, which undergoes a 1,3-shift to the more stable allylic carbocation 9. Upon proton loss, the final oxepine product 4 would be obtained.
Scheme 4
Proposed mechanism for the formation of oxepine 3 from cyclobutane 1
This letter reports the first reaction of DAcyclobutanes with terminal alkynes in the presence of a Lewis acid. These oxepines are formed through an intriguing addition-rearrangement sequence. This methodology is currently being investigated for potential application towards the formation of fully saturated oxepines and the total synthesis of natural products.
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